Using a combination of fistulation and the 15 N isotope technique, the flow rates of endogenous N secreted postruminal into different sections of the digestive tract were estimated in growing sheep by digesta exchange between 15 N-labelled and unlabelled animals. To investigate the influence of fibre (CF) on these flow rates the estimations were made on two groups that received approximately isonitrogenous diets (16% CP in DM ) differing in crude fibre content (Group 1: 14.7%>, Group 2:
INTRODUCTION
In addition to the estimation of flow rates for total N through the small intestine, information on endogenous N is required for exact determination of the true digestibility of N in the digestive tract. Quantifying N secretion and reabsorption in ruminants is difficult because the N flow into the duodenum consists of dietary protein, microbial protein and endogenous N. Additionally it should be considered that the ruminal microbial N originates from exogenous and endogenous sources. As reported by Sandek et al. (2001) the technique of digesta exchange between animals in combination with the isotope dilution technique can be used to differentiate between various N sources in the gastrointestinal tract of ruminants.
Following the estimation of digesta and N flow rates at the duodenum and ileum, and of excretion rates in faeces of growing sheep fed diets differing in crude fibre content (Sandek et al., 2001 ), the present paper deals with the calculation of the passage of postruminal secreted N in the duodenum, ileum and faeces.
MATERIAL AND METHODS

Animals, procedures and diets
Two groups of male growing Polish Merino sheep (20-25 kg body weight) were fitted with a cannula into the rumen, with re-entrant cannulas in the proximal duodenum and distal ileum and with a jugular vein catheter. One of the three sheep (animal No. 1) was infused intraruminally with 15 N urea to label the metabolic N pool. After 6 d of labelling the duodenal and the ileal digesta were exchanged between the labelled animal and the unlabelled ones according to the scheme below. In order to investigate the influence of crude fibre on N digestion, two dietary treatments were used. The diets were approximately isonitrogenous but differed in crude fibre content:
Group J: Experiments 1 to 3 with low fibre (CF) content in the ration (14.7% CF/DM; 16.3% CP/DM; 11 MJ ME/kg DM; 616 g DM intake/d ) Group 2: Experiments 4 to 6 with high CF content in the ration (24.9% CF/ DM; 15.7% CP/DM; 10 MJ ME/kg DM; 467 g DM intake/d).
Further details of experimental conditions and procedures are presented by Sandek et al. (2001) . Additionally, ammonia was estimated as described by Voigt and Steger (1967) . The method of Schonhusen et al. (1988) These N and ,5 N flow rates provided the basis for calculating the postruminal secretion of N. Since the NH 3 -N secreted by the rumeno-hepatic recycling and the microbial endogenous N should not be included in the calculation of the postruminal secreted N, the estimated ,5 N flow rates were corrected for the passage of microbial N and NH 3 -N.
Passage of microbial N. For the estimation of the microbial N passage to the proximal duodenum and terminal ileum, bacteria were isolated from rumen juice. The N:RNA ratio of these isolated bacteria amounted to 1.41 and in combination with the RNA passage rate of digesta the microbial N passage was calculated (Equation 2).
The microbial N passage rates for the duodenum and ileum are given in Table 2 . The estimated N and ,5 N flow rates of the duodenal and ileal digesta and of 15 N excess of the TCA soluble blood plasma N together with the passage rates of microbial N in the duodenum and ileum are the basis for calculating the endogenous N fraction (not microbial bound) of the total N flow rates.
Flow rate of endogenous N into the duodenum. Using the amount of microbial N in the duodenal and ileal digesta ( 
Assuming that the 15 N at % excess of endogenous N and of the TCA soluble N fraction of the plasma is identical (Lammers-Wienhoven et al., 1998) , the amounts of endogenous N passing the duodenum and the ileum can be estimated as follows: The estimation of flow rates of endogenous N into the duodenum was not possible for labelled animal No. 1, since the 15 N present in its duodenal digesta consisted of infused urea 15 N and 15 N of endogenous origin. Because of the different 15 N levels of these sources a distinction was not possible. This problem shows clearly the necessity for digesta exchange between labelled and unlabelled animals.
In contrast with animal No. 1, the estimation of the flow rates of endogenous N into the duodenum of animal No. 2 was possible. This animal received no 15 N-infusion, but got 15 N-labelled duodenal digesta coming from animal No. 1. This l5 N was partly absorbed and then secreted by rumeno-hepatic recycling. Therefore all 15 N found in the duodenal digesta of animal No. 2 must be of endogenous origin. The relative flow rate of endogenous N (% of total N flow) of animal No. 2 was then applied to the mean value of total N-flow rate for all three animals.
For calculation of the endogenous N flowing into the duodenum, N secretion in bile and by the pancreas had to be taken into consideration because the duodenal fistula was positioned caudally to the bile and pancreatic duct. Thus the duodenal digesta included these secretions (Sandek et al., 2001) .
Additionally, for calculation of the endogenous NAN flow into the duodenum, a correction for NH 3 -N was necessary. The NH 3 -portion of total N in duodenal digesta amounted to 5.3 % for both feeding groups (treatments).
The calculated flow rates of endogenous N into the duodenum are shown in Table 2 .
Flow rate of endogenous Nthrough the ileum. The endogenous N flow through the ileum consists of two components: 1. the endogenous N secreted but not reabsorbed in the small intestine (between the duodenal and ileal fistula). This consists predominantly of protein-and urea-N (Net N secretion) 2. the undigested residues of endogenous N flowing into the duodenum including bile-and pancreatic-N. The two parts of endogenous N could not be estimated on the same animal. The first part, the Net N secretion into the small intestine, was determined using animal No. 1. This animal was l5 N-labelled and got unlabelled duodenal digesta from animal No. 3. Therefore all 15 N measured in the ileal digesta was of endogenous origin and had been secreted during passage through this section.
Assuming that the 15 N excess of endogenous N and of the TCA-soluble fraction of the plasma is identical, the Net N secretion results from the difference of measured 15 N in ileal and duodenal digesta and of the measured 15 N excess in TCAsoluble plasma of animal No. 1. The taking of 3% digesta for analysis was accounted for by using a factor of 1.03. The second part of endogenous N in ileal digesta was calculated using animal No. 3. This animal was unlabelled and received 15 N-labelled digesta from animal No. 1 according to the scheme of digesta exchange. A part of this 15 N disappeared during passage through this intestinal section that represents the absorption of endogenous N. The rest of the 15 N consisted of undigested residue of endogenous N in the ileal digesta. Thereby the 15 N disappearance rate and 15 N residue rate refers to the endogenous I5 N in digesta, which represents the non-microbial 15 N in digesta (see Equation 3 ). The N in bile and pancreas secretions was estimated as described by Sandek et al. (2001) . ) gives the total endogenous N flow through the ileum (Table 2 ). This shows again the necessity of digesta exchange between labelled and unlabelled animals. In contrast to other methods, the digesta exchange between labelled and unlabelled animals enables not only the estimation of N secretion or N reabsorption during the digesta passage through a section of the intestinal tract, but it allows both to be determined in one experiment. This gives an advantage over other methods.
Excretion rate of endogenous N in faeces.
The value of endogenous N excretion in faeces was based on the calculation of endogenous N flow through the ileum using animal No. 1. For the calculation of Net N secretion from the ileum to rectum, the removal of 3% duodenal and 3% ileal digesta was accounted for by a correction factor of 1.06. The calculated excretion rates of endogenous N in faeces are shown in Table 2 .
Undegraded Nflow into the duodenum and ileum. The rumen undegraded N (UDN), which is the unfermented exogenous N, was calculated by subtraction of microbial N and endogenous N from the NAN at the duodenum and at the ileum.
The calculated values for the UDN and the other N-fractions at the duodenum and at the ileum are summarized in Table 2 .
RESULTS
Passage of microbial N
The microbial flow rate into the duodenum varied from 3.3 to 7. 
Flow rates of endogenous N and rumen undegraded N at the duodenum and the ileum and excretion rates in faeces
The endogenous NAN flux into the duodenum, including the abomasal secretion and the epithelial cells sloughed from mouth, oesophagus and rumen, was small for Group 1 (0.40 g N/d -3.4% of NAN). For Group 2 with the higher CF but lower N intake it was much higher (1.3 g/d = 12% of NAN), and this required an adjustment for total N flow into the duodenum.
At the ileum the flow rates (g/d) of N, NAN and also of endogenous N tended to be increased for Group 2, but in relation to total NAN the endogenous N proportion was nearly identical for both groups (34 vs 36%).
The endogenous N excretion in faeces was highly variable (1.84 -2.39 g N/d for Group 1; 1.54 -2.00 g N/d for Group 2). Relative to total N in faeces, the endogenous fraction was for Group 1 -56% and for Group 2 -40%.
For all experiments the proportion of total N represented by the endogenous fraction increased from duodenum to ileum to faeces. For Group 1 the endogenous N excretion by faeces was higher than the endogenous N passage at the terminal ileum (129%o) in contrast to Group 2, where it averaged only to 80%o of the endogenous N passing the ileum.
The proportion of undegraded N from NAN in the duodenal and ileal digesta amounted to 46% of the NAN for Group 1 and to 41%) for Group 2. There were no differences between the duodenum and ileum.
DISCUSSION
The aim of the present experiments was to estimate the passage of postruminal N secreted in digesta in different segments of intestinal tract. To achieve this it was necessary to determine N and 15 N passage rates and also that of microbial N and NH 3 -N. Additionally the dietary N undegraded in the rumen was calculated as the difference between the flow rates of NAN, endogenous N and microbial N at the duodenum and ileum.
The microbial N flow at the duodenum amounted to about 50%o of the NAN (Group 1) and 46%o of the NAN (Group 2), respectively. In the ileum this fraction was only 19 to 22%) of the NAN, demonstrating the high digestibility of microbial N, on average 77%). This value is in agreement with numerous data from literature (Tas et al.,1981; Storm et al., 1983; Hvelplund, 1985) .
The endogenous NAN flow into the duodenum was low for Group 1 (0.40 g N/d = 3.4% of NAN or 0.13% of DM) but for Group 2 it was remarkably higher (1.3 gN/d * 12% of NAN or 0.4% of DM) (Sandek et al., 2001 ). The higher values of endogenous NAN flow into the proximal duodenum for Group 2 may be caused by the higher CF content in the diet of this group. This higher CF content gives rise to enhanced sloughing of epithelial cells and therefore to a higher endogenous NAN flux into the duodenum. Recently, Lammers- Wienhoven et al. (1998) demonstrated in sheep that the flow of endogenous N into the duodenum increased from 20 to 28%) of total N flow if the dietary NDF content was increased from 15 to 68%.
The endogenous N flux for Group 2 (12% of NAN, which corresponds to 2.8 g/ kg DM intake and 4.0 g/kg DM flow into the duodenum) is comparable to the results of Kaufmann and Hagemeister (1976) , who calculated the endogenous protein N-flux including bile and pancreas secretions into duodenum to be 10 to 15% of the protein N at the duodenum.
The endogenous N flux/DM intake calculated for Group 2 agrees with results of Harrop (1974) , who calculated an endogenous N flux into the duodenum of 2.6 g/kg DM intake. Recently experiments of Voigt et al. (1996) and Van Bruchem et al. (1997) using intra-abosomal 15 N infusion to multifistulated sheep resulted in an average of 3.1 g endogenous N at the proximal duodenum, which is 12% of the total N flux at the duodenum and corresponds to 2.8 g/kg DM intake. Lammers-Wienhoven et al. (1998) who used the same method estimated a higher value: 4.3 g endogenous N, equivalent to 15% of total N flux at the duodenum or 4.2 g/kg DM intake. Brandt et al. (1980) estimated, by the use of intraruminal 15 N infusion, similar values in dairy cows (3.6 g endogenous protein N/kg DM passage at the proximal duodenum or 9-12% of NAN flow). However, these values include secretions from bile and pancreas. In contrast to the good agreement of the results of Group 2 with data from the literature, the values for endogenous N flow into the duodenum in Group 1 are very small. The reason for this is not clear.
The endogenous N flow into the ileum increased during the passage from duodenum to ileum both absolutely and relatively {% of NAN) ( Table 2) . At duodenum the amount of endogenous N flowing into the ileum was higher in Group 2 in comparison to Group 1. This may arise from the higher CF content in the ration of this group. This assumption is confirmed by experiments on sheep fitted with intestinal loops (Zebrowska and Kowalczyk, 1991) . These authors found an increase of about 38%o for total N secretion but no change for urea secretion, if Krebs-Ringer buffer was supplemented by cellulose into the loops. They suppose that the cellulose is responsible for the enhancement of the loss of mucosa cells in the intestinal tract and for the increase in production of brush border enzymes and mucosal proteins. Lammers-Wienhoven et al. (1998) found in sheep that the ileal endogenous N flow is positively related to the small intestinal NDF flow.
The increase in endogenous N from the duodenum to the ileum is caused by continuous N secretion during passage through the intestinal tract (Ben-Ghedalia et al., 1974; Van Bruchem et al., 1989;  Lebzien and Rohr, 1994) .
In contrast to the absolute values for endogenous N, their proportion of total N flow into the ileum did not differ between the feeding groups, which is in agreement with the results of Bergner et al. (1994) . The values of 34 % (Group 1) and 36%o (Group 2) are similar to those of Lebzien and Rohr (1994) , who estimated that at the ileum of cows, the endogenous N portion was 40%o of the total amino acid N. Voigt et al. (1996) , Van Bruchem et al. (1997) and Lammers-Wienhoven et al. (1998) estimated a higher endogenous proportion of total N (48%) for 55 kg sheep. According to Van Bruchem et al. (1985 , 1989 and Oosting et al. (1995) 50-75 %o of ileal N is of endogenous origin. Their experiments were carried out on 60-70 kg sheep. The smaller endogenous N part in the present experiments may be caused by the lower liveweight associated with lower DM intake and DM passage through the intestinal tract.
The endogenous N excretion in faeces is of interest, because a quantitative estimate of it is necessary for calculation of true N digestibility. The excretion rates of endogenous N in faeces varied highly for the individual experiments (1.84 to 2.39 g N/d for Group 1; 1.54 to 2.00 g N/d for Group 2). Because of this high variance no significant differences for this N fraction were found between the 2 treatments.
Referring to DM intake the mean faecal endogenous N excretion was 3.4 g/kg (Group 1) and 3.7 g/kg (Group 2). This was slightly lower than the values estimated by Voigt et al. (1996) and Van Bruchem et al. (1997) which amounted to 4.5 g/kg DM intake. The endogenous N in faeces is mainly composed of endogenous microbial N (0rskov and MacLeod, 1982) . The non-microbial endogenous N (abraded epithelial cells, enzymes and mucoproteins), the true endogenous N (0rskov, 1992), represents only a small part of the endogenous N fraction in faeces (Mason, 1969;  Dixon and Nolan, 1983) .
Relative to total N, faecal endogenous N amounted to 56%> (Group 1) and 40% (Group 2) demonstrating that large amounts of faecal N are of endogenous source. These values are similar to those (51 -55%) of Van Bruchem et al. (1997) and Lammers-Wienhoven et al. (1998) . With regards to dietary effects Lammers-Wienhoven et al. (1998) found that its high influence was leading to values which varied from 43 to 76%o. During all experiments the proportion of endogenous N increased from the duodenum to ileum to faeces. That means that N secretion must be higher than N absorption.
Caution is required in the interpretation of endogenous N flow and excretion, because only one precursor pool was used for all endogenous N fractions (bile and pancreas N, abraded epithelial cells, mucoproteins, urea), whereas it is likely that the endogenous N in the gut lumen derives from multiple precursor pools (Moughan et al., 1992) . The most used and best suited precursor for endogenous N is the TCA soluble fraction of blood plasma (Souffrant et al., 1993; Krawielitzki et al., 1990; Van Leeuwen et al., 1994; Voigt et al., 1996; LammersWienhoven et al., 1998) , which was chosen also in the present experiments. This, however, is a simplification, which can lead to endogenous N values being either overestimated (Souffrant et al., 1993; Lien et al., 1997; Leterme et al., 1998) or underestimated (Souffrant et al., 1986; Moughan et al., 1998) . Despite these reservations, the 15 N dilution method is potentially useful for studying the factors that influence the secretion of endogenous N (Souffrant et al., 1986; Moughan et al., 1998) . Further studies are needed, however, to refine the methodology for estimating endogenous N.
